The aim of this study was to test the effect of adenosine and four of its analogues, 5'-(N-ethyl)carbox amidoadenosine (NECA), 2-chloroadenosine (2-CADO), L-phenylisopropyladenosine (L-PIA), and N6-cyclohexyl adenosine (CHA), on prostaglandin (PG) F2u-constricted pig basilar arteries, and from their rank order of potency determine the receptor type involved, The order of po tency for the relaxation of the PGF2u constriction was NECA > adenosine, 2-CADO > L-PIA > CHA, which is
Adenosine has been shown to dilate cerebral ar teries both in situ (Berne et aI., 1974) and in vitro (Hardebo and Edvinsson, 1979) . It is known that the effects of adenosine are caused by an action on specific receptors found on the cell surface (Schwabe, 1981) . The receptors can be subdivided into two classes: the Al (or R) receptor, a high-af finity receptor that is coupled to adenylate cyclase in an inhibitory manner (van Calker et aI., 1979; Londos et aI., 1980) ; and the A2 (or Ra) receptor, a low-affinity receptor that is coupled to adenylate cyclase in a stimulatory manner (Bruns, 1980) . These receptors show a different affinity for adeno sine and its structural analogues, as has been shown by Londos et al. (1978) and Tr ost and Stock (1977) for the Al subtype and by Bruns (1980) for the A2 subtype. Previous work carried out suggests that the receptor involved in the vasodilatation of both peripheral (Kusachi et aI., 1983; Mustafa and Askar, 1985) and cerebral (Edvinsson and Fred holm, 1983 ) vessels is of the A2 subtype. It has been in keeping with the A2 receptor subtype, The study also investigated the effects of a known adenosine antagonist, namely, the xanthine derivative 8-phenyltheophylline, which at concentrations having no intrinsic effect (10-8 and 10-7 M) produced a significant shift to the right only for the NECA dose-response curve, Key Words: Adeno sine-Adenosine analogues-8-Phenyltheophylline Pig basilar artery -A2 Receptor.
shown that adenosine-induced relaxation of cere bral arteries in a number of species was endothe lium independent; i.e., the action of adenosine on cerebral vessels is not dependent on the endothe lium being intact (Hardebo et aI., 1985) .
The aim of this study was to identify the re ceptors involved in the dilatation of the pig basilar artery and also to examine the antagonistic proper ties of 8-phenyltheophylline at concentrations that have no intrinsic etfect.
MATERIALS AND METHODS
Specimens of basilar artery were obtained from adult pigs immediately after slaughter and stored in the bathing medium (see below) at 4°C until use. It was found that the responsiveness of the vessels was not affected by the length of time that they were stored at 4°C. The vessels were trimmed to a length of 4 mm and the segments were suspended between two L-shaped metal hooks in a vessel bath containing 20 ml of the bathing medium, which was being continuously gassed with 5% COz in oxygen, in both the stock solution and the bath, to produce a re sulting pH of between 7.35 and 7.45. The temperature of the bathing medium was kept constant at 37°C.
Isometric contractions of the circular smooth muscle were measured. The optimal passive load on the vessels of 37.28 mN was chosen as the tension that produced the largest contractile response to 3 x 10 -6 M prostaglandin (PG) Fzu. After application of this load, the vessels were allowed to stabilize for 1 h. The vessels were then sensi-tized with 30 mM KCI for 10 min, which produced a con tractile response. The vessels were washed for I min (three changes of the bathing medium) and left for 30 min with further I-min washes at IS and 30 min. At this point the PGF2a (3 X 10-6 M) was added to the bath to elicit a constriction of the vessels. The optimal PGF2a concen tration of 3 x 10-6 M was determined by means of a concentration-response curve, from which the concen tration producing the maximum constriction of vessels was determined.
Once the PGF2a effect had stabilized, concentration response curves were obtained for each of the com pounds being studied by their cumulative administration to the vessel baths. In the experiments where the antago nistic effects of 8-phenyltheophylline were being studied, the 8-phenyltheophylline was administered when the PGF2a effect was at its peak. The cumulative concentra tion-response curves were begun 20 min after the admin istration of the 8-phenyltheophylline. The concentrations of 8-phenyltheophylline chosen (10-8 and 10-7 M) were those that were found to have minimal effects on relaxed and PGF2a-constricted vessels.
Analysis of data
The agonist results are expressed as a maximum relax ation of PGF2a constriction ± SEM (Emaxl and as the concentration of agonist producing half-maximal re sponse (ECso)' The pD2 values are calculated as negative the log of the ECso value, and also by means of a Hill plot (Bowman and Rand, 1982) . The Hill coefficients are cal culated using the Hill equation:
where r = EIEmax, E is the response produced by agonist concentration [D] , Emax is the maximum response pro duced by agonist, Ka is a constant, [D] is agonist concen tration, and n is the molecular ratio of drug per adsorp tive site (receptor).
From Eq. I we devise
If we then plot log [rI(Ir)] against log [D] (i.e., the Hill plot), we get a straight line with gradient n. This gradient, n, is a direct measure for the Hill coefficient.
As stated above, The pD2 values were calculated as mean pD2 value ± SEM for each agonist used.
The antagonist results were analysed using the Schild plot (Arunlakshana and Schild, 1959) to calculate the pA2 value. The pA2 value is calculated in the following way:
The log of (dose ratio -I) is plotted against the log of the antagonist concentration. The dose ratio is the concen tration ratios of agonist giving equal responses in the presence of a particular concentration of antagonist and in the absence of the antagonist. This line intercepts the x-axis at (-pA2' 0); therefore, the pA2 is calculated taking the negative of the x-intercept.
The linear portion of each concentration-response curve in the absence and presence of 8-phenyltheophyl line was analysed using linear regression analysis and tested to see if there was a significant parallel shift in the linear part of the curves in the presence of 8-phenyltheo phylline.
Within the dose range of 10-9_\0-6 M agonist, Stu dent's t tests were carried out at each point to determine whether or not the constriction produced in the presence of 8-phenyltheophylline was significantly different from the response to agonist alone.
Solutions and drugs
The bathing medium used was of the following compo sition: NaCI 14 8 mM, KCI 5.4 mM, CaCl2 2.2 mM, NaHC03 12 mM, and glucose 12 mM. The following drugs were used in the experiments: PGF2a, 2-chloro adenosine (2-CADO), 5' -(N-ethyl)carboxamidoadenosine (NECA) (all Sigma, St. Louis, MO, U.S.A.); 8-phenyl theophylline (Na + salt; a gift from Dr. Thorwart, Hoechst AG, Werk Albert, D-6200 Wiesbaden 12, FR.G.); adeno sine (Merck, Darmstadt, FR.G.); N6-cyclohexyladeno sine (CHA) (Calbiochem, CA, U.S.A.); and L-phenyliso propyladenosine (L-PIA) (Boehringer-Mannheim, Ingel heim, FR.G.). All solutions were made up in distilled water. The concentrations mentioned in the text are the final bath concentrations of the various drugs.
RESULTS
Pig basilar arteries were relaxed in a concentra tion-dependent manner by adenosine, 2-CADO, L-PIA, CHA, and NECA (Fig. 1) , The relative po tencies of adenosine and the analogues were calcu lated in two ways. The pD2 values were calculated first by analysis of each concentration-response curve and the EC50 values, and second by analysis of the data according to Hill (Table 1) , The rank order of potency (determined from the pD2 values) was as follows: NECA > adenosine, 2-CADO > L-PIA> CHA. The effects of 8-phenyltheophylline were tested in both relaxed and PGF2n-constricted vessels and the concentrations chosen for use in further experiments were those that had minimal effects, namely, 10-8 and 10-7 M.
N either concentration of 8-phenyItheophyIIine had a significant effect on the concentration-re sponse curves to adenosine, 2-CADO, CHA, and L-PIA (Fig. 2) , as determined using linear regres sion analysis and testing for a significant parallel shift in the curves (p < 0.05). Using the same sta tistical analysis, it can be seen that 10-7 M 8-phen yltheophylline produced a significant parallel shift to the right for the NECA concentration-response curve (Fig. 3) , indicating competitive antagonism.
With 10-8 M 8-phenyltheophylline for adenosine and 10-7 M 8-phenyltheophylline for 2-CADO, CHA, and NECA, the vessels constricted rather than dilated in the dose range of 10-9_10-6 M ago nist (Fig. 2) , and when a Student t t � t was carried out to compare the constriction in the presence of 8-phenyltheophylline with the response produced by the agonist alone at each concentration of ago- nist, significant changes were evident (p < 0. 05). This effect was absent with L-PIA in the presence of either concentration of antagonist. Construction of a Schild plot for NECA in the presence of 10-8 and 10-7 M 8-phenyltheophylline gives a graphically calculated pA2 value for the an tagonist of 7. 7 (Fig. 4) .
DISCUSSION
The study confirmed the vasodilatory properties of adenosine (Berne et aI. , 1974) and its analogues (Hardebo and Edvinsson, 1979) . In comparison with adenosine, NECA was more potent, 2-CADO was almost equipotent, while L-PIA and CHA were less potent. This relative order of potency is in keeping with that of the A2 subtype.
When a group of compounds are all acting on a single receptor to produce the same effects, the concentration-response curves are normally in par allel. This is, in fact, the case for adenosine, 2-CADO, L-PIA, and CHA. However, the concentra tion-response curve for NECA is not in parallel with those of the other four analogues, and al though NECA is the most potent analogue of aden osine (i. e. , highest pD2), it has one of the lowest relative Emax values. These observations, coupled with the fact that the Hill coefficients for NECA and L-PIA (see Ta ble 1) are < 1, suggest that the dilatatory effects are possibly mediated by a more complex mechanism than a simple A2 receptor in teraction. The dose ratio is calculated with two con centrations of 8-phenyltheophylline. The dose ratio equals the ratio of equieffective NECA concentrations in the pres ence and absence of antagonist (Furchgott, 1972) . The graph is of the log (dose ratio -1) against -log (antagonist concentration), and where this graph cuts the x-axis is the pA2 of the antagonist.
The affinity of 8-phenyltheophylline for A2 re ceptors (Kj = 100 f-l-M) is about two to three orders of magnitude lower than that of NECA (Schwabe et aI. , 1985) . This low affinity has also been demon strated in studies with isolated arteries (Edvinsson and Fredholm, 1983) , showing a pD2 value of �6.5. It should be pointed out that despite this problem, 8-phenyItheophylline did significantly shift the NECA concentration-response curve to the right, indicating competitive antagonism and suggesting that the NECA binding site is more sensitive to blockade by this substance. Higher antagonist con centrations that may have blocked the actions of the other agonists could not be used since, as ex plained earlier, they were found to have their own effects on the isolated vessels.
Other facets ot the results suggest that there may be more than one receptor site involved. If one looks at the concentration-response curves to the various agonists in the presence of 8-phenylthe ophylline, there appears to be a trend in the ability of the agonists to produce further constriction at con centrations between 10-9 and 10 -6 M. Of the four agonist curves that are parallel, adenosine and 2-CADO show a large significant constriction (p < 0.05), whereas NECA and CHA show a small sig-nificant constriction (p < 0.05) and L-PIA no signif icant constriction at all, when compared with the agonist-only effects at each concentration. The magnitude of these effects, NECA apart, parallels the relative order of potency of the agonists. This may suggest that although 8-phenyltheophylline acts on both A1 and A2 adenosine receptor sub types, it may have a greater affinity for the A2 re ceptor, thus allowing the A1 vasoconstrictive ef fects to become more prominent. It could also be that the 8-phenyltheophylline is blocking both the A1 and the A2 receptor and, in the low concentra tion range, the agonists are acting on another re ceptor to produce a constriction of the vessels.
Another explanation for the complexity of the picture could be that there are, in fact, further sub divisions of the A1/ A2 receptor classification. Londos et al. (1980) showed that the A2 receptors in the liver had a very high affinity for NECA, an affinity much higher than those in the adrenal or Leydig cells. A possible third adenosine receptor has been identified in rat fat cells (Garcia-Sainz and To mer, 1985) and also centrally DeLo renzo, 1985, 1986) . Recent work by Lee and Red dington (1986) also speculates on the existence of a previously undescribed non-A1 site.
The agonist data in this study suggest that adeno sine and its analogues produce their dilatatory ef fects via an action on the A2 receptor, as has pre viously been described (Edvinsson and Fredholm, 1983) . However, the results with 8-phenyltheophyl line antagonism, along with the different shape of the NECA curve, suggest that the mechanism of action of adenosine and its analogues on pig cere bral arteries is not via a single subtype of adenosine receptor, but is a more complicated picture, with the possible involvement of other receptor sub types. Further work will be necessary to attempt to identify the other receptor subtypes involved and thus help clarify the picture.
